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n early 1996 the Bureau of Economic Analysis released data from an extensive revision to its measures of aggregate economic activity in the United States. The new data and methodology, which represent the first comprehensive revision of the National Income and Product Accounts (NIPA) since 1991, reflect more substantial changes than have many previous revisions.
1 While past revisions have changed some definitions and statistics and have incorporated newly available source data, the most recent revision includes an even more important change: the move from a fixed base-year measure to a chained index, which is said to have significantly altered the way we view recent economic performance.
One analysis in the New York Times even speculated that the outcome of the 1992 election might have been different if we had known then what we know now about the 1990-91 recession:
The revisions suggest that the downturn of 1990-91 was nearly twice as deep as Washington knew at the time, raising the possibility that the Federal Reserve and the White House would have reacted more aggressively to dig the economy out of a recession. Such a response, coming much earlier than it actually did, might have changed the impression among many voters that President Bush did not care.
2 Figure 1 illustrates the effect of the changes on the 1990-91 recession and subsequent recovery. During the three quarters of negative economic growth, real GDP registered a 1.8 percent average annual rate of decline under the old methodology. The revised figures show an average rate of decline of more than 2.7 percent. Moreover, the new figures indicate a slower growth rate in the period of economic recovery that followed the recession. The old figures showed a 2.8 percent growth rate from the first quarter of 1991 to the first quarter of 1994, while the new figures indicate 2.5 percent growth.
Two limitations of the old system of measurement have been cited to support the claim of superiority for the new chainweighting approach: First, fixed weights fail to measure the effects of shifting demand in response to relative price changes-known as "substitution bias." Second, the periodic re-basing required by the fixed-weight system of measurement implies a "rewriting of economic history." (1995) .
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But has the revision to NIPA data really changed our view of the fluctuations and economic co-movements known collectively as the "business cycle"? Both casual observation and more rigorous empirical examination reveal that the revisions to GDP and its components have had very little effect on the empirical regularities that characterize economic fluctuations.
After first describing the methodological changes and rationales underlying the recent NIPA data revisions, this article discusses the differences between the revised data and the previously reported data. It then presents a comparison of the basic business cycle regularities as measured under the old and new systems.
REVISIONS TO NIPA DATA
The revisions to NIPA included new and revised source data, new methodological procedures, the new chain-weighted methodology for reporting real output and its components, and an updated base year.
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Some of the more routine changes reflect the incorporation of new and revised source data. For example, the revisions to the data on non-durable consumption expenditures for 1993 and 1994 are based on newly available information on retail sales from the 1993 Annual Retail Trade Survey, while the revisions to data on nondurable goods are based on the results of a 1987 input-output analysis constructed by the Commerce Department. Revisions to the services consumption data are based on direct estimates of rental payments for tenant-occupied dwellings, taken from a 1991 Residential Finance Survey.
In addition, the Commerce department has incorporated some new methodological procedures. For example, it has replaced the previously used straight-line method of estimating depreciation with one based on studies of the prices of used equipment and structures in resale markets.
There are also two significant changes in the classification of government expenditures. Federal Government contributions to civilian and military retirement programs (rather than benefits paid out) are now explicitly reflected in the national accounts. More importantly, government expenditures have been separated into categories for current expenditures and government investment expenditures. The addition of the latter category-which classifies government expenditures for structures and equipment as investmentprovides a more complete measure of investment, including purchases by both the public and private sectors. The change also makes figures for U.S. investment more comparable to those of other countries by treating government investment in a way that is more consistent with the International System of National Accounts.
By far the most significant and widely discussed revision to the NIPA data is the new methodology for reporting real output and its components: the "chained" dollar series. The previously used "constantdollar" measures were based on prices for a specific base year. (Prior to the most recent revision, the base year was 1987.) The new method uses contemporaneous price data to produce estimates of growth rates for real output and its components. The prices are then chained together to form a series that is independent of the choice of any particular base year. This approach mitigates the two related weaknesses of the constant-dollar approach: "substitution bias" and "rewriting economic history."
Substitution Bias
A fundamental purpose of the new chain-weighting methodology is to avoid the problem known as "substitution bias." As relative prices rise and fall, purchasers tend to substitute less expensive items for ones on which prices have gone up. In a fixed-weight system, items with falling prices continue to constitute a large share of the total, because this system is based on their historically higher prices. Similarly, although sales tend to decline for goods and services items with rising prices, these items continue to have low weights because of their historically lower prices. Consequently, a fixed-weight index tends to overstate growth in periods after the base
CONSTRUCTION OF CHAIN-WEIGHTED INDEXES
The purpose of the change to chain-weighting in the NIPA accounts is to improve the separation of price changes and quantity changes in the overall measurement of nominal (current dollar) magnitudes. Specifically, real and nominal measures are related by where P is some measure of the aggregate price level. Previously, this separation was accomplished by using implicit price deflators to measure P. Implicit price deflators are examples of what is known as a Paasche price index, calculated as follows:
where p and q denote quantities and prices, respectively; and the subscripts t and b denote measures in the current period and in a base period, respectively.
An alternative price measure is known as a Laspeyres price index, the formula for which is Each of these indexes suffers from substitution bias, giving an imperfect measure of the price level. The Laspeyeres index tends to overstate price changes, while the Paasche index tends to understate them.
One way of adjusting for these errors is to take an average of the two. The geometric average of a Laspeyres and a Paasche index is known as a Fisher Index:
Although this measure is largely free of systematic substitution bias, it is still subject to the problem of base-year sensitivity. History is rewritten with changes in the base year, since each of the component price indexes uses a fixed base year.
The new chain-weighted GDP accounts use a variant of the Fisher index, in which the base year is not fixed. Instead, the previous year is taken as the base. This makes the price index interpretable as a percentage rate of change from the previous year. The percentage changes can then be "chained" together and expressed either as an index number or in terms of some particular reference period.
6 Jain (1996) .
7 Prowse (1996) .
8 Ulan (1994) . 9 The BEA switched from GNP to GDP as the featured measure of output in the 1991 comprehensive revisions. Because figures for GDP are unavailable for previous base-year series, GNP is used in Figure 3 . The problem of substitution bias became prominent in the context of computer equipment. Compared to the 1987 base year, prices of computers and peripherals fell dramatically in the early 1990s, while sales of such equipment rose sharply. As a result, the volume of computer sales, valued at high 1987 prices, caused growth to be overstated. Computers and related equipment were not the only items contributing to this effect, but their role was significant: For instance, it has been estimated that computers accounted for about three-fifths of the 1.1 percentage point overstatement of GDP in the fourth quarter of 1994.
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The tendency of the old 1987-dollar GDP series to understate growth before 1987 and to overstate growth after 1987 can be seen in Figure 2 , which shows GDP growth from 1960 to 1995. Measured according to the old fixed-baseyear measure, GDP growth was 3.1 percent before 1987, and 2.3 percent after. With the new chain-weighted measure, the growth rate measures 3.4 percent prior to 1987, and only 1.8 percent after 1987.
Rewriting Economic History
An additional problem of the old fixed-weight methodology was that rebasing the weights resulted in "rewriting macroeconomic history every 5 years." 6 For example, one columnist has observed that "each time [the base year] shifts, the 1973-75 recession looks a little different." 7 In general, the effect of the old rebasing has been characterized as providing "a very distorted view of economic history." 8 Although the new measure continues to be expressed relative to a specific base year-now 1992-the chain-weighting approach makes the choice of a base year nothing more than a matter of normalization. Price and quantity changes are calculated as percentage changes from one year to the next and then "chained" together in a sequence. As a result, future updates of the base year will no longer result in a revised view of the past, because the growth rates on which the chain-weighted figures are based will not be subject to subsequent revision. Figure 3 illustrates the rewriting of history for one episode-the 1973-75 recession and subsequent recovery. It shows a comparison between the growth rates of real GNP reported at the time of where y t τ is the trend component of the time series y t , and λ is a smoothing parameter. For applications with quarterly economic data, a value of λ=1600 is typically used. Although rebasing changes the pattern of real GDP growth, another important factor in the periodic revision of the NIPA is the incorporation of improved source data. New source data is typically integrated by the time of the first rebasing (or in the annual benchmark revisions), implying noticeable changes to the series. Relative to the original 1972-based data shown in Figure 3 , the first base year shows the most significant alteration in the pattern of measured economic activity. Subsequent updates show modest changes. Hence, Figure 3 suggests that revisions to the base year are less important than to the incorporation of new source data in initial benchmark revisions.
Figure 3 also shows that although the pattern of GNP growth changed from one revision to another, the overall pattern did not change markedly. In particular, the timing of the onset of recession in late 1973 and the recovery in early 1975 was not affected by revisions. History was re-written with each revision, but the fundamental features of that episode in the business cycle remained essentially unchanged. This observation leads naturally to a basic question: Do data revisions-even those as fundamental as the recent switch to chain-weighted GDP-alter our overall perspective on business cycles?
CYCLICAL PATTERNS UNDER THE OLD AND NEW METHODS
Each business cycle seems to have its own unique features, yet certain regularities characterize the general nature of economic fluctuations. For various measures of economic activity, key issues about cyclical behavior revolve around the degree of variability, the persistence of fluctuations, and co-movement with other economic indicators. Some economic indicators are more variable than total output, some are less variable; some tend to move in the same direction as output (i.e., they are procyclical) while others tend to move in the opposite direction (countercyclical). These empirical regularities of business cycles are fundamental to economists' attempts to understand and explain them. One way of approaching an answer to the question of how revisions affect our understanding of business cycles is to examine various measures and components of output after adjusting for long-term growth trends. This section uses a method of isolating the cyclical components, known as the Hodrick-Prescott (H-P) filter, to examine the cyclical behavior of economic variables. The H-P filter represents a statistical method of fitting a smooth trend line to an economic time series. The deviations from the trend line are then interpreted as the cyclical component of the series.
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Figure 4 (p. 43) illustrates a way that the H-P filter separates the trend components from the cyclical components of GDP. Shaded sections in the lower panel of Figure 4 indicate periods of recession as identified by the National Bureau of Economic Research. Note that the periods identified as economic downturns by the H-P filtering technique correspond closely to the official recession episodes. Figure 5 compares the H-P cyclical component of fixed-weighted and chainweighted GDP. It is clear from the figure that the broad pattern of cyclical fluctuations in real GDP is affected very little by the change from fixed-weighted 1987 dollars to chain-weighted 1992 dollars, particularly for the 1970s and early 1980s. To the extent that differences do appear, they occur mostly in the late 1980s and 1990s (where recent benchmark and data-source revisions are important) and in the early 1960s (where fixed 1987 weights are likely to be particularly misleading due to the passage of time). Figure 6 provides a similar comparison for the major components of GDP. For all four components, the change from fixedweighted to chain-weighted measures makes little discernable difference. In all four cases, revisions to data for the late 1980s and 1990s are most prominent. Table 1 provides a more formal examination of the behavior of various components of GDP, presenting standard deviations, autocorrelations, and cross correlations with GDP.
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The first row of numbers for each variable shows the previously reported statistics based on the fixed-weight measures in 1987 dollars. The second number is the corresponding statistic for chain-weighted 1992 dollars.
The overall patterns are clearly robust to the methodological changes. As measured by standard deviation, consumption of nondurables and services is only about half as variable as output, while durablegoods consumption and investment are about three times as variable. Each of these measures shows a strong positive correlation with output-i.e., each is procyclical. Government spending is about as variable as GDP, and largely uncorrelated to the business cycle. Net exports are countercyclical, due primarily to the strong procyclicality of imports. Under either measurement system, the price level is countercyclical.
12 These overall patterns are clear for both the fixedweighted and chain-weighted data.
Table 1 (pp. 46-47) also reports probability measures (in italics) for testing the hypothesis that there is any significant difference between the statistics for fixed-weight and chain-weighted figures.
13 A probability value near zero would indicate that the chain-weighted statistic was significantly less than the fixed-weight statistic, while a value near one 1960 1965 1970 1975 1980 1985 1990 1995 1987 Dollars Chain-Weighted 1992 dollars
Real GDP Fluctuations
11 This approach of comparing various "second moments" of time series has been popularized in the "real business cycle" literature; e.g. Kydland and Prescott (1982) ; King, Plosser, and Rebelo (1988) . As in Figures 5 and 6 , the data are logged and detrended by means of the H-P filter. Two series-investment and net exports-are not logged, but taken as a ratio to GDP in order to convert to proportionate measures before detrending. 12 The countercyclicality of prices is contrary to conventional wisdom and has been an issue of some controversy. See Kydland and Prescott (1992) . 13 The probability values for differences in standard deviations are derived from standard F-tests. For autocorrelations and crosscorrelations with GDP, the reported statistic is based on which is normally distributed under the hypothesis that the correlations, ρ i and ρ j , are identical. 
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would indicate the opposite. There are no cases at all for which the probability values indicate a statistically significant difference between the measures at conventional significance levels (< 0.05 or > 0.95). Table 2 (p. 48) provides information on the relationship of the two measures of GDP and other non-NIPA economic indicators. As in Table 1 , the differences that arise as a result of the switch to chain-weighting are minor. Measures of employment remain strongly procyclical, while wages and prices are countercyclical. With the exception of non-borrowed reserves, measures of money (including total reserves, the monetary base, M1 and M2) are procyclical. None of the comparisons between the fixed-weight method and chain-weighting in Table 2 is statistically significant.
CONCLUSION
The new chain-weighted GDP measure is conceptually superior to the old fixed-weight index. Most importantly, the chain-weighting approach corrects for the "substitution bias" in which measures of long-term growth become increasingly distorted as they move away from a fixed base year. It also resolves the issue of "rewriting history" every time there is a comprehensive revision to the national accounts. However, the switch to the new approach has little or no effect on an overall evaluation of the fluctuations and comovements among economic variables that constitute the business cycle. NOTE: The first row of numbers for each variable refers to 1987 dollars, the second to chainweighted 1993 dollars, and the third (in italics) is a normal test statistic, extreme values of which represent rejection of the hypothesis that the two measures are equal (see text). 
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